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Chapter 8

Conclusions

8.1 Protons as a tool for volume studies

Radiation beams available for dose-volume effect studies include photon, elec-
tron, proton and heavy-ion beams. For studies, where steepness of the edge of
the dose distribution and the homogeneity of the dose distribution are critical,
photons and electrons are not suitable. When using heavy ions, RBE issues
might interfere with the volume effects. In this work small proton beams of
high energy have been used to study volume effects in the spinal cord. The nice
penumbra that varied between 0.8 mm and 1.1 mm (20%-80%) made it possible
to create well-defined dose distributions as small as 10x2 mm2.

The small penumbra even allowed the selective irradiation of different tissue
structures within the spinal cord. This type of high-precision irradiation opens
up new opportunities to investigate mechanisms by which irradiation leads to a
complication for other tissues as well.

We have shown that protons are a most valuable tool for the investigation
of volume effects in the rat spinal cord.

8.2 Statistics

A set of tools specifically designed for the analysis of binary data with a low
number of data points is described. It is shown that when the statistical behavior
of model parameters follows the normal distribution (see section 2.3) the anal-
ysis can be simplified. In general, however, correct results are only obtained
if the most general approach of the likelihood analysis is used. When fitting
dose-volume models to binary dose-volume-effect data, the likelihood analysis
is therefore preferred over often-used approximations based on the normal dis-
tribution.
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8.3 Volume effects in the rat spinal cord

A strong volume effect for field lengths smaller than 8 mm was observed. Cur-
rently many models exist to describe this type of volume effects. Most are based
on biological assumptions. By judging the goodness of fit of these models to the
uniform-irradiation data, it was shown that the only model that yields a rea-
sonable description of the uniform irradiation data is the migration model by
Shirato et al. Testing the model with non-uniform dose distributions, however,
showed that this was merely a coincidence. An empirical model was constructed
that was capable of describing the NTCP for different uniform irradiations. Also
this model could not be applied to non-uniform irradiations.

From the data it was concluded that repair processes originating from unir-
radiated tissue (non-local repair) play an important role in the determination
of the tolerance of the spinal cord to radiation for the endpoint of white-matter
necrosis.

An ED50 model that incorporates damage reduction by non-local repair
was constructed and tested with the ED50 values found using the probit model.
The model was found to describe the change of ED50 as a function of the dose
distribution reasonably well.

Even though the results obtained in this work apply to the spinal cord only,
one may expect that similar non-local effects could play a role in other organs
as well. Therefore, it is of great importance that models are constructed that
include these non-local effects and that they are tested with data that could
potentially invalidate the model.

In a closely related thesis [123], H.P. Bijl will discuss in more detail the bio-
logical mechanisms leading to white matter necrosis and the clinical implications
of the data presented in this thesis.




